The first opportunistic cooperative communications scheme based upon nonorthogonal transmission, namely the opportunistic nonorthogonal amplify-and-forward scheme, is proposed. It is proved that the proposed scheme can achieve a superior diversity-multiplexing trade-off performance bound than the existing opportunistic relaying schemes. Simulation results validate the proof.
Introduction: Cooperative communications [1] create diversity gains for network users with a single antenna. The classical cooperative scheme consists of two orthogonal time slots (TS): a broadcasting TS for a source (S) to transmit its signal to the intended destination (D), and a relaying TS for a relay (R) to retransmit S's signal to D. There are amplify-and-forward (AF) and decode-and-forward (DF) cooperative strategies. To enhance system performance, nonorthogonal cooperative transmission that allows S to continue to transmit during the relaying TS [2] , and distributed cooperation that introduces multiple relays for signal retransmissions [3] were introduced. Integrating the two approaches, the distributed nonorthogonal AF (DNAF) scheme [4] was proposed. It has a better diversity-multiplexing trade-off (DMT) [5] performance than the orthogonal distributed cooperation schemes [3] . However, distributed cooperation brings technical challenges such as user interference and power consumption owing to the retransmissions of multiple relays. Opportunistic relaying cooperation [6] alleviates those challenges by always selecting the best relay for signal retransmission. It was shown that provided the same number of relays are available, opportunistic relaying can achieve the same DMT performance as distributed cooperation. However, most of the current research on opportunistic relaying [6, 7] is restricted to orthogonal transmission, limiting the ultimate potential of system performance. Results concerning the theoretical and simulation performance of nonorthogonal opportunistic relaying are unknown. Addressing this issue, this Letter proposes an opportunistic nonorthogonal AF (ONAF) scheme. The DMT analysis and simulation results of the scheme are presented. System model: Let S r ¼ {1, 2, . . ., N} denote the set of relays willing to offer signal retransmission. All users operate with the half-duplex constraint and transmit with a normalised energy 1 ¼ 1. Using s 2 to denote the variance of noise observed at the receiver, the channel signal-to-noise ratio (SNR) can be therefore defined as: p ¼ s
22
. It is assumed that all channels exhibit a similar value of r. The ONAF relaying cooperation is indicated in Fig. 1 . In the broadcasting TS, S transmits its signal to D and it is also overheard by all relays, i.e.
(1)
where k [ S r , l denotes the length of S's signal over two TSs, and a AB denotes the complex Rayleigh fading coefficients of the channel between nodes A and B. All channels are assumed to be quasi-static fading and statistically independent. n A denotes the zero mean additive white Gaussian noise (AWGN) observed at node A, with variance s A 2 . With feedback from S and D, the relays obtain instantaneous channel measurements of a Sk and a kD . The best relay b is chosen according to [6, 7] :
In the relaying TS, the selected relay b will send out pilot symbols to notify others to keep silent. Then, both S and b transmit to D, and so the received signal at D is:
Definition I: Let d AB denote the exponential order of |a AB | 2 such that:
|a AB | 2 can be alternatively expressed as: |a AB | 2 8 p −dAB [4] . Note that≤ is defined similarly and the base of the logarithm is 2.
Definition II: Consider a coded system that can achieve an outage probability of P o (r) and an averaged transmission rate of R(r) bits/s/ Hz, the diversity gain d and multiplexing gain r are defined as [5] :
The balance between d and r is called the diversity-multiplexing tradeoff, denoted by d(r). The system outage probability can be expressed as:
. Therefore, a scheme with better DMT characteristics should yield a better outage performance.
Diversity-multiplexing trade-off analysis:
The transmission model presented above can be written in a matrix form as:
where i ¼ 1, 2, . . ., l/2. The mutual information (=) of the ONAF scheme can therefore be determined by ℑ = 1 2 log det{I 2 
where I 2 denotes the 2 × 2 identity matrix, M † and M 21 denote the Hermitian conjugate and inverse of matrix M, and E is the expectation operation. Hence,
The scheme's outage probability is determined by
Based on Definition II, it is known R(r)=r log r. Therefore,
Since b b is a function of |a sb | 
With b
, we can derive that
where f (v, m) = vm v + m + 1 , v and m are random variables. Equation (9) can be simplified as:
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where v is a nonnegative real value [6] , we have
Applying lemma 4 of [6] , we can determine:
Note that (v) + + ¼ max{0, v}. According to the relay selection criterion (3), it is known
With
and assisted by (13) and (14), we can determine
By substituting (12) and (16) into (11), it can be concluded that:
Recalling Definition II, the ONAF scheme's DMT performance can be characterised by d(r) ¼ (1 2 r) + N(1 2 2r) + , delivering a maximal diversity gain of N + 1 and a maximal multiplexing gain of 1. It is superior to the existing opportunistic relaying schemes [6, 7] 
, which limits the achievable multiplexing gain to be 0.5.
Simulation results: Outage probability performance of the ONAF scheme is evaluated using (9). It is compared with other AF-type cooperative schemes that have the same number of relays, including the distributed AF (DAF) scheme of [3] , the opportunistic AF (OAF) scheme of [6, 7] and the DNAF scheme of [4] . Fig. 2 shows the performance of the ONAF scheme with two relays for different transmission rates. It can be seen that the ONAF scheme outperforms all the reference schemes. Specifically for a system with R ¼ 4 bits/s/Hz, at an outage probability of 10
25
, its performance gain is a minimum of 2 dB over all the reference schemes. Compared to the DNAF scheme and the OAF scheme, the ONAF scheme's performance advantage is due to its features of opportunistic relay selection and nonorthogonal transmission, respectively. These two features together enable the ONAF scheme to significantly outperform the DAF scheme. Fig. 3 compares the ONAF scheme and the DNAF scheme for different numbers of relays. It can be seen that by increasing the numbers of relays, the ONAF scheme can achieve a more significant performance gain than the DNAF scheme. It underlines the importance of opportunistic relay selection in a large nonorthogonal cooperative network. The presented results also validate our DMT analysis. 
